COVPC)SI TI ON FOR USE AS CATALYST | N SAlI D PRCCESS" - Thepresent invention
felates to a process for producing 5 -~ P yners (both homopol yners and
copol yners) of ethylenically unsat ur at ed conpounds especially ol efins,
(hereinafter, for convenience, referred to as "olefin polyners") and to a
conposition V\/ni ch may be used as a conponent of a highly active catalyst in

" PROCESS FOR PRODUCI NG POLYMERS OF ETHYLENI CALLY UNSATURATED MONOVERS AND @

such a process. 'ﬂ#itocs‘.s FOR PRODUCING wmdmvrort mmﬁmmwmﬂwauzn
"giegler” catal ySI'= [ﬁ? ory

conprise a transi . .; - g 2 DALl
and an or ganonet PROQESS™pound of a rret aI from Group I to Group III of t he -

Periodic Table of the Elements. Subsequently, 15 - many studies have been
carried out to investigate the behaviour of supported catalysts, conprising
a transition netal corfgcumesenppimvewonnrelaateum aypracess forr praducimgrri ers .
whi ch have been fqund to be effective include such jnorgani.c conpounds as
oxi des, hyd oxi ReJymers Sbethehomonelymensonnd copelmershiof gHhylenically

unsaturated compounds, especially olefins, (_hereinafter, for
convenience, referred to as "olefin polymers") and to a composition
which may be u'sed as a component of a highly a_ccive catalyst

in such a process.

10 It is well known to use the so-called "Ziegler® catalysts

for the polymerization of olefins. Such "catalysts comprise i
a transition metal compound of a metal from Group IVb to .Gro_up
VIb and an _o'i'gananetallic com_pound oi ‘a metal from Group I
to group 111 of the Periodic Table of tne €l ements. Subsequently,
15 many studjes have been carried out to inyestigai:e the behauiour .
of supported catalysts, comprising a transition metal compound: |
supported on various types of carrier. Carriers which have,
| been found to be effective include such inorganic compounds
as oxides, hydroxides, chlorides and carbonates of metals and
20 of silicon, mixtures of these'compounds and double salts.
Of these inorganic compounds, particul arly effective compounds _
_ . are magnesiun compounds. such as the magnesiun halides, as
| - - described in Japanese Patent Publ ic_ations No. 12105/64 and .
No. 41676/72. Ai so highly ,effective are al_kox,ymagnes_iun and
- 25 - aryloxymagnesium compounds, as de’scrib_ed in Japanese Patent
~ Publfcations No. 34098/71 and No. 42137/72 and in Japanese
Patent Appi_ications_ Koka_i ( i.e. as laid open to public inspection)




20 4 ;of silicon,

1 hor gani. c corrpounds particularly effective conpounds are magnesi um
conmpounds, such:i as the nagnesi um hal i des,. as descri bed in Japanese Patent
Publications No. 12105/64 and No. 41676/ #22 = Also highly effective are

al koxymagnesi um and 25 aryl oxymagnesi um conpounds, as described in
Japanese Patent Publications No. 34098/ 71 and No. 42137/72 and in Japanese

Pat ent Appli cat | ons Kokali
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-in the polymer can.give rise to various problems associated

| residues left in the polymer:'is relat ve

& formed’are uns actory wit

olymer

| to their degree of stereoregularity, particularly polymers

of a-olefins having 3 or more carbon atoms. Moreover. these

catalyst systems generally give polymers having a broad particle

size distribution and do not. produce polymers having a controlled
particle size with a narrow distribution. Although there have

been many a'ttempts to i'mpro've\the catalysts in these respects,

as yet the improvements.ohtained have not been wholly satisfactqry. E

_ e .. _ : , . i T

| Furthermore, when producing olefin polymers it is desirable o
that the polymers should contain the least possible amount .

of catalyst. re51dues, since the i nclusion of these residues

with the stability and processability'of-the polymer, As,a'
result,'it iS’generally necessany_to proVide a postAtreatment
unit in order to remove these catalyst residues'and to stabilize

the olefin polymers; provision of such a unit, of course, adds

- to the expense of producing the polymer. This disadvantage
can be overcome if it is pos51ble to increase the activity

'of the catalyst (expressed in terms of the weight of polymer

formed per unit weight of the catalyst) If the catalyst activity

'is sufficiently high that relatively small quantities of catalyst _

can be empl oyed and, as a result, the quantity of catalyst -
y snall, then 1t




size distribution and do not produce polyners having a controll ed partlcl
_'S|zé With a narrow distribution. Al though there-have 10. been nany -
! attenpts to inprove the catalysts in these respects, as yet the
. inmprovenents obtained have not been whol [y satisfactory. Furthernore, when
. produci ng ol efin polymers, it is desirabl®"that the polyners should contain
- the | east possible ambunt of catal yst residues, since the inclusion of
these residues 15 in the polyner can give rise to various problemns
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I ncrease the activity of’ the catal yst. (expressed In tefns. 0 t he wei ght of
pol ymer formed per unit wei ght of the catalyst). " If the catal yst activity
is sufficiently high that relatively small quantities of catalyst 25 can

be enpl oyed and, as a0 anel stherhRardiowher Mnodlefdhad s/ polmRaideedyl eft in the
polymer is relatlvely small, then it is
5 the slurry method or the gas phase method, the bulk density,
‘average particle size and pafticle size distribd;qu_gf the
resulting polymer are important factors.whicﬁ'affect the producti-
vity. Improving these'factdrs yi]l result in a reduction\id
the adhesion of polymer.to'the walls of the polymerization
10 vessel, an improvement in the efficiency of utilization of
the reactor and an improvement in the efficiencies of.transpofting,
drying and granu1ating'the po1ymer; these improvements can
l1ead to an increase in productivity and a reduction in polymer .
| cost. Provided sufficient improvement is achieved it may
15 even be possible to emp1qy powder mou]ding, which eliminates
the granulation step. However, o]ef1n polymers formed using
a sﬁppdfted caialyst‘generally have the disadvantages of low
: bulk density, small avéragedparticie size and a broad particle
size. disfribution. Accord1n91y, it ¥s of considerable commercial
20 1mportance to develop a supported catalyst which can be used

in the non-deashing process and which 1is capable of producing

an olefin polymer having a h19h bulk density and a narrow particle

size distribution. .
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- 3 ;N0 _longer necessary to provide any |nstallat|on for renoving cataly
resi dues ‘and t he production cost of the polyner can-be reduced; this is
so-cal | ed "non-deashi ng process". On.the other hand, when an olefin is
pol ynmeri zed;:by 5 the slurry nmethod or the gas phase nethod, the bulk
density, average particle size and particl @ size distribution of the
resulting polynmer are inportant factors which affect the producti- vity.

| Aaprovi ng these factors wl| result |n a reduction in the adhesion of
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efficiencies of trans n Eanul.atin t hese
| mprovenents can ?@g’dg% qufgr]g sétPﬂyﬁqgﬂﬁlc&t'\eva&aﬁ i é(r)%@”%n in
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a titanfum compound’ on the carrier fonned ny reacting a solid

5 organomagnesium halide, a phenol and an aromatic carboxylate

‘ester. We haue now discovered a solid carrier useful in preparing

a supported catalyst which has a high activity (expressed as
the amount of po1ymer either per unit weight of the transition
metal or per unit weight of the solid catalyst component),
10  which means tnat t_he__'catalyst may be used in the 'non-deashing_
- process and.,__ moreover, the pol'ymer' prodiced with this catal,.yst"
has a narrow partic]e"size djstribution'and forms a 51urny !

having desirable properties.. -~

The present nvention accordingly consists in a solid
composition- comprising'a titan_iu'n_ compound and/or a vanadium

compound supported'on*a-SOIid product formed from the.reaction'

of (i) a phenol, {ii) an aromatic carb"oxﬁ‘ate ester and (fi i)
a solid reaction product of an organomagnesiun compound and

an ary‘l oxya]ummun compound of genera'l formula A1(0R1)3, (in
20 which R1 represents an ary’( group having from 6 to 20 carbon

atoms).

The invention further consists in a process for preparing

a pol mr by polymerizing an ethylenically unsaturated compound,




the granul ation step. However, olefin polynmers forned using a supported ;
cayanyst generally have the dlsadvantages of low bulk density, small '

a ge particle size and a broad particle size distribution. Accordingly,
if of consi derable commercial 20 i nportance to devel op a supported
cat ajyst which can be used in the non-deashing process and which is capabl e
of produci ng an ol efin polyner having a high bulk density and a narrow

particle size distribution. -4- Japanese Patent Application Kokai No.
133408/ 80 discloses that a highly active catalyst for the preparation of-

hi ghly stereoregul ar olefin polyners can be obtai ned by supporting a
titani um conpound on the carrier formed by reacting a - solid 5

or ganomagnesi um hal i de, a phenol and an aromatic carboxyl ate ester. W have
now di scovered a solid carrier useful in preparing a supported catal yst

whi ch has a high activity (expressed as




the ,agount of pol yner ei t her per unit weight of the transition netal or pegl
unit wei ght of the solid catal yst conponent), 10 which neans that the
1i catalyst ‘may be used in the non-deashing pracess and, noreover, the polynme

li produced with this catalyst has a narrow gasticle size distribution and
“forns a slurry having desirable properties. -The present I nvention

i accordingly consists in a solid 15 conmposi tion conprising a ti t ani um

. conpound and/ or a vanadi um conpound supported on a solid product forned
fgom the r eact i @speiglily a hydeotdrbofj ie. ganamodefin dncthebpredence et er and
(1i1) a solid reaction product of an organomagnesi um conpound and an

aryl oxyal um ni ura cetdiystdsystenecompaiising:nul a [err], (in 20 which [err]
represents an aryl group having from6 to 20 carbon atons). The invention.

further consists in a process for preparing a pol ymer by polyrrerl Zi ng an

et hyI eni cal |y unsaturated conpound,
_ (a) a solid composition according to the invention and

(b) an organcaluniniun compound. B

-5 E The organomagnesiun.compound used"'in tne":s;ntnesjﬂs of o
the reaction product (iii)'. is preferabl,y such a. compoun_d\ un_ich-
1s prepared by o_r is capable of being pre'pared by the reection
"of an organic haiogen compound -wit.h metallic mag,nesiun:. Espec.i ally
| " suitable are Grignard c'ompounds, which may be represented by '
10 the general fomule RZng (in whi",cn-.R.z -rep_res'ents; a hydrocerbon
- group having from 1 to 20 carbon ai:oms and x represents a halogen
atom), and dihydrocarbylmagnesi um compounds, which may be represented
by the general formu]a RzzMg (in which R2 is as defined above). ._
In the above formulae. the hydrocarbon group represented b,y |
'. 15 Rz may be an alkyl, aryl ara]kyl or aikenyl group _having_from |
| 1 to 20 carbon atoms, for example a methyl, ethyl, propyl, |
" isopropyl, butyl, _sec-bu_i:yl . t-butyl, pentyl ... isooencyl_. hexyl,
octyl, 2-ethyl hexyl, phenyl: or benzyl group. X preferably

represents a cniorine. bromine or iodine atom.

20 . Specific examples of such. Grignard compounds inc]ude
ethyimagnesiun chloride. ethylmagnesiun bromide, ethy]magnesiun' o
- fodide, " propylmagnesium chloride, propylmagnesiun bromide,

butylmagnesium chloride, butyimagnesium bromide, pentylmagnesiun




[ERREF » especially a hydrocarbon, e.g. an olefin in the presence of a
-cat al yst- system conprising: -(a) a solid conposition accordi-ng to the
i nvention; and (*b) an organoal um ni um conpound. 5 The
or ganomagnesi um conpound used in the synthgsis of the reaction product
(iii) is preferably such a conpound which Is prepared by or is capable of -
being prepared by the reaction of an organic hal ogen conpound with metallic f
megnesi um  Especially suitable are Gignard conpounds, which may be
rspresented by 1Qhlopide,ophenydmadmysiuh chlorfdeVend (phenyimaghes Riv braeidegsent s
a .hydrocarbon group having from1 to 20 carbon atons and X represents a
hal ogen aton), arSpedificlesamplies! ofgrihyd rocarhytmagness unvéompbundsy helude
"represented by the general fornula [err]My (in which [err] is as defined
above). In the abtiethylmagnésiom,tdipropylmagaesion, gdmpy‘rmnesiamt,edtpgnt&ls-
[err] may be-an alkyl, aryl, aralkyl or alkenyl group havrng from

' - magnesiun and diphenyimagnesium.

N | | S ‘ The synthesis of such organomagnesium compounds is preferably
| -carried out in the presence of a_so]vent, most especially an
~ ether, such-as.diechyi ethen,7d1propy1“etherf"drfcopcopyl ether,
dibutyi ether, dfisobutyI ether, dipentyl ether, diisopentyl3
ether, dihexyl ether, dioctyl\ether, diphenyl ether, dibeniy]
10 ether,'phenetOIe, anisoTe, tetrahydrofuran or cef?ahydropyrancxi
It is a]so'possible to use hydrocarbons (such as hexane, heptane,
_ octane, cyclohexane, mechylcyclonexene, benzene, to]uene or - .
xyiene) and mixtures of ether and hydrocarbon solvents. - In
' the synthesis of the'5011d'carr1er; tne oroenomagnesium compound
15 - is preferably used in the form of a solution “in an ether or * '
as an ether compTex._ We most prefer to use a Grignard compound

Z4gCl (in which R

- of formula R is as defined abbve) in the

form of an ether solution or ether compl ex.

Examples. of aryl oxya]uninium compounds Mncl'( may be

1

S 20 represented by the general formula’ AI(OR )3 (in which R represents |

s an aryl group having from 6 to 20 carbon atoms). which are

the other reagent employed to produce the reaction product

i (111), 1nclude aluuinium triphenoxide, aluninium tri-o-cresoxide,
;Q;aluminium tri-m—cresoxide, aluminiun tri-pgcresox1de, aluminium .

N tri-2 6-dimethylphenox1de, aluminium tri-2 3-d1methy1phenox1de, a




0 20 carbon atons, for exanple a nmethyl, ethyl, propyl, isopropyl, .
yl, sec-butyl, t-butyl, pentyl, isopentyl, hexyl, octyl, 2- ethylhexyl
yl or benzyl group. X preferably represents a chlorine bt om ne or.
yne atom 20 Speci fic. exanpl es of such Gignard. conpounds
| ude et hyl magnesi um chl ori de, ethyl magnesi um brom de, ethyl magnesi um
i odi de, propyl magnesi um chl ori de, propyl nagnesi um brom de, butyl nagnesi um
chl oride, butyl magnesi um brom de, pentyl magnesi um -6- chloride, -
phenyl magnesi um chl ori de -and phenyl magnesi um br.oni de.. Specific exanples of w
di hydr ocar byl magnesi um conpounds i ncl ude di et hyl magnesi um di propyl
magnesi um di butyl magnesi um: di pentyl - magnesi umand -di phenyl magnesi um 5
The synthesis of such organomagnesi um conpounds |s preferably carried out
in the presence of a solvent, nost especially an ether, such as diethyl
et her, dipropyl ether, diisopropyl ether,




- ether, dioctyl ether, diphenyl ether, dibenzyl 10 - ether, ‘phenetole, -

di bytyl ether, diisobutyl ether, dipentyl ether, diisopentyl ether, di h@ N

ani sol e, tetrahydrofuran or tetrahydropyran. It is also possible to use

-~ hydrocarbons  (such as hexane, heptane, acyane, ‘cycl ohexane,
. met hyl cycl ohexane, benzene, toluene or xylene) and m xtures of ether and

hydrocarbon sol vents. In d the synthesis of the solid
carrier, the organomagnesi um cofrpound 15 is preferably used in the form
ol a sol ution |ralameithtertri)-rz,dsdmthymenonm,ealunf‘v\éulmsﬁ-:p;.ia-ﬂemethyluse a
Grignard conpound of formula [err]MJA (in which [err] is as defined above)
in'the form of ahespkide,salwnindum drieg+ethytpheporide,Catumiindun dfri-m-ethyl-
aryl oxyal unmi ni um conpounds, which may be 20 represented by the gener al
fornula [err] (iRheppxide,| eiuqinﬂuprt@éeme;ha}pmnyx dgoauHai umErir2:86 to 20
carbon atons), which are the other reagent enployed to produce the reaction -
product (iii), idctobutylphenaxide, dirgrenesaxysduminivm phenoxide, diphennxyrde, .

alumniumtri-mgresoxide, alumniumtri-[err]-cresoxide, alumnium 25

Ctri-2;6-di et hy|q5w@ﬁbme-créﬁsem¢ﬁ @nd (alumdn ok tRinappEhQiidRe xi These

compounds may be synthezised by known methods, for _examp'te
by reacting a trialkylaluminium wit_h a phenol or by reacting
aluninium trimethoxide with a phenol ."' — ERRE
—mlhio phenol (1), which is used to prepare the.sol'id_ earrier '
10 employed in the composition of the im)ention. ie preferably
a monohjdric -'phenol, for-example phenol, o-cresol, m—cresol,"'
p-cresol, 2,6-dimethylphenol, 2,3-dimethylphenol , -2,4-dimethyl-
phenol, 2,5-dimethylphenol, 3,4-diﬁethyﬂphenol; 3,5-dimethyl phenol,
o-ethylphenol, m-ethyl pﬁenol, g-ethyl phenol, g—propyl phenol,
15 g-_butyl phenol, 2 G-di-t-b&tyl phenol, 2 Gedi'-t:buty’l -4Qmethyl pﬁenoi -
or a-naphthol. 0Of these, we particularly prefer those phenols

having no substituent at the ortho positiom _

Examples of aromatic carboxylate esters (i), which
- may be .used to pr'-_epare.the'sol id carrier .use_d in the composition "
- 20 . of the 'inveriti'on,-.'lﬁﬂ ude methy—l. benzoate, ethyl' benzoate.
. propyl benzoate, butyl benzoate, phenyl benzoate, methyl _g-methoxy-_
“benzoate, ethyl g—methoxybenzoate, prop,ﬂ _g-methoxybenzoate,
- butyl gfmethoxybenzoate, phenyl o-methoxybenzoate, methyl p-ethoxy-
benzoate,_eyciohe;dl _g-_ethoxybenzoate_,- methyl _g—methyl'benzoete' »

25  butyl p-methyl benzoat'e, cyclohexyl _g-m'ethyl benzoate,




N
.
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[ERR] * > -% aluminiumtri-2, 4-di net hyl phenoxi de, al umi ni um

tri*3, 5-di nethyl - phenoxide, ‘al uminiumtri-o-ethyl phenoxi de, al umi ni um
tri-methyl - phenoxi de, alumniumtri-[err]-ethyl phenoxide, alum nium ’
tri-2,6- di-t-butyl phenoxide, .di-o- cresoxy’aﬁuTn ni um phenoxi de, di phenoxy- 5
al um ni um o-cresoxi de and al um ni um trinaphthoxi de. These conmpounds nay be
synt hezi sed by known nethods, for exanpl e by reacting a trialkyl al um' ni um

bhertor ?P)e“"'mféh%ﬁ“t 'e?ﬁv%sém e pREyT) B anipade,” d‘?e@ﬁ& ByEIAte.
For- exampte. phanold1-2es Y BRLOC Brendd aBe o aigethy] SRR EATaRer "D these,
2, 6-di met hyl phenolwg arg'feqi HELJM“R?%}O%"&“Q ﬁ‘-@h*%ona’ (m which R6 and

R7, which may be the same or different, each represents a hydrocarbon

5 group having from 1 to 10 carbon atoms and the group represented
| '.by Rs' may be at any position on the benzene ring). Examples
- of preferred compounds are methyl benzoate, ethyl benzoate,
_propyl be'n‘zoate'. butyl benzoate, phenyl benzoate, methyl p-methyl-
benzoate, butyl _g-methylbenzoate, cyclohexyl _g-methylbenzoate,
10 ethyl o-methylbenzoate and phenyl g-butylbenzoate.

Exampl es of titanium compounds and vanadium compounds
-'wﬁich' may be. supported ‘on the solid carrier prepared by reacting
- ‘components (i), (fi) and (iii) include those ti-taniun c_ompounds

represented by the general formula Ti(ORsi';‘x(4-;m)....(i'n which
R3 represents a hydroc_arbon group having from 1 to 20 carbon
- atoms, X -fepresents a halogen atom and m 1s a ninneer such that

o mg 4),"van_adidn tetrachloride and-vanadium oxytrichloride.

- Examples of titanium compeunds..havi ng the a%orementioned formula
| include titanium tetrachl ofide, titanium tetrabrunide. titanium
'.'_-2_0' tetraiodide, tetraethoxxtitaniuﬁ, tetrapropoxytitanjun, tetra-.
: i sopropoxytitani 'u_m. tetrabutoxytitaniun, tetraki s(z-ethyl hexyl)
~ titanate, tetrasteary) titanate, ethoxytitaniun trichioride,
_' diethoxytitanium dichl oride, triethoxytif.aniun chioride,




phenol , 2, 5-di net hyl phenol, 3, 4-di net hyl phenol, 3,5-di nethyl phenol, , - ,

[err]-ethyl phenol, [err]-ethylphenol, [err]-ethyl phenol,

J - propyl phenol , 15 [err]-butyl phenol, 2,6-di-t-butyl phenol,

qli -t-butyl -4-nmethyl phenol or [err]-naphthol. O these, we particularly
r those phenol s having no substituent at the ortho position. Exanples

romati c carboxylate esters (ii), which may be used to prepare the solid

carrier used in the conposition 20 of the invention, include nethyl "

benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, -phenyl benzoat e ™
met hyl [err]-nethoxy- benzoate, ethyl [err]-nmethoxybenzoate, propyl
[err]-met hoxybenzoate, butyl [err]-nethoxybenzoate, phenyl - _
[err]-methoxybenzoate, nethyl [err]-ethoxy- benzoate, cycl ohexyl
[err]-ethoxybenzoate, nethyl [err]-nethylbenzoate, 25  butyl

[err]-nethyl benzoate, cyclohexyl [err]-nethyl benzoate, = ethyl

[err]-nethyl benzoate, phenyl [err]-butyl benzoate, diethyl phthalate,

di - 2-et hyl hexyl phthalate or dinethyl terephthalate. O these, we prefer

conmpounds of formula [err] (in which [err] and .




[err],. which may be the same.or different, each represents--a hydrocarbon
group having from1 to 10 carbon atons and the group- represerted by R6
be at any positicon on the benzene ring). Exanples of preferred. conpounds
are. methyl benzoate, ethyl benzoate, propyl_benzoate, butyl benzoate, _
phenyl benzoate, nethyl [err]-nethyl- benzoate, butyl [err]-nmethyl benzoate,
cycl ohexyl ‘[ err]-nethyl benzoate, 10 ethyl o-nethyl benzoate and phenyl
[err]-butyl benzoate. Exanples of titanium conpounds and vanadi um conpounds

which may be suppgpbeft iRBnfuir tFRINErfdl," UPSheMoRPEILAR lAY diERTUi 8, Conponent s .
1 (i), (i) and (i11) include those titanium conpounds represented by the

| general fornul a trgigdpropoxyt itahium vhlsridéy butoxyditahfum epecildredéydr ocarbon -
ilgroup having from1l to 20 carbon atons, X represents a hal ogen atom and m
ilis a nunber sucmibb'edxgmtmruh gidndorided) tritnogtytitahbin eahdoided cethodly-
vanadi um oxytri.chl ori de. Exanples of titanium conpounds having the .

af orementi-oned ftdtandum tnibroddédé, iddethoxyt { tdniamhdibromide,t trbethoxyt itanium
tetrabrom de, ‘titanium20 - tetraiodide, -tetraethoxytitani um

tetrapropox¥$t it romide,t propoxyt stamiopnibrosideyndibusoxythitaniumn idibiromide
tetrakis(2-ethyl hexyl) titanate, tetrastearyl titanate, ethoxytitanium .
trichloride,  and tributoxytitanium bromide. single one of these compounds

or a mixture of any two or more thereof may be used.

The synthesis of the solid composition of the invention
is preferably carried out throbghout under an inert atmosphere,

10 for example of nitrogen or argon.

[The'reaction_between'thg ofgandmagnesium compound and
. the anyloxya]uminium compound is preferably effected in a‘solvent,'
- preferably at a temperature of from -30°C tof+200fc; more preférab1y
from -10°C to +150°C. Thié feaction-may-be,caéried'out by L
15° adding the'anyloxyalumfnium cqmpoﬂnd (as such or as a solution
" oh'SuSpéh51onf?ﬁ a suftable iquid) dropwise to a'sdlution_\.
of an'organomagnesium'cOmpdund, or vice Qersa.' The time allowed
“ for the reaction should be sufficiently long for the reaction.
to go to completion and this is usually 10 minutes or more,
" 20 more preferably from 30 minutes to 5 hours.  The molar ratio
of organomagnesium compound to anyloxya]uminium compound is
preferably from 1:10 to 10:1, more preférébly from 1:2 to 5:1.

Examples of solvents whjch.ﬁay be used for this reaction.include:

aliphatic hydrocarbons, such as pentane, hexane, heptane and




di et hoxyti,t anium dichloride, triethoxytitaniumchloride, = [ERR] -9- (fif)
phenexytitaniumtrichloride, diphenoxytitanium dichloride, - g
triisopropoxytitani.um-chloride, butoxytitaniumtrichloride,
dibutoxytitamiun1dich|oride,'tr|butoxytrtyﬁrun1chlor|de et hoxy- titani um
tribrom de, diethoxytitaniumdibrom de, triethoxytitaniumb5 brom de,
propoxytitaniumtribrom de, dibutoxytitanium dibroim de and

LUt Xy 2] O e Ry %@2@5%&8&#@:@29 Bl e, of
of e, Lvent Lo og] SISHASE AREPHERAS, LRCHPSHIoMISRE A0 Lihertane;
-and ethers, which may be represented by the general formula_
34-0-R5-(1n which R? and R® are the same or different and each j
‘5 represents a hydrocarbon group having from 1 to 20 cerboh.atoms
or R4 and R, together with the oxygen atom to which they are
attached, form a ring). Examp1es.of such ethers-include diethyl
ether, dipropyl ether, diisopropy! ether..dibutxlléther. di-sec-
butyl ether;=dipehtyl ether, diisopentyl ether, dihexyl ether,
10 dioctyl ether, d1phenyl ‘ether, dibenzyl ether, anisole, phenetole,
methyl benzyl ether, tetrahydropyran and tetrahydrofuran.
A 51ngle one of these solvents or 'a mixture of any two or more

thereoof may be used.

The solid reaction product is then separatedafrOm the
15 reaction mixture and usediin the reaction witﬁfthe phenol (i)

and the aromatic carboxy]ate ester (if). Ie-actuai'practice,

_ the solid product (iii) is normally separated by,filtration‘-
and may then be used_as such or.after thorpqgﬁ/ﬁashing with

| ~apurified inert hydrocarbon;soTvent and may be usedtwith or
:7-:20 without drying. A solid reaction product containing from 0.01

e L

to 2% by we1ght of alum1n1um is particularly preferred.

| The reaction of the'sdiid reaction product (i11) thus.
obtained with the phenpl_(i) and. the aromatic Carboxyiate_ester

'm_(ji)fis preferably carried out in a solvent, preferably at .

. attemperature of from -30°C to +200°C, more preferably from




The reaction between the organonmagnesi um conpound and the aryl oxyal um.niu
'“gconpound is preferably effected in a solvent, preferably at a tenperature
iiiof from[err] to [err], nore preferably fron1[err] to [err]. This reacti
it may- be carri.ed out by 15 addi ng the aryl oqyal um ni um conpound (as such or
4ias a solution or suspension in a suitable Tiquid) dropwise to a solution of
i an or ganomagnesi um conpound, or vice versa. The time allowed for the
~Ireaction should be sufficiently long for the reaction to go to conpl etion

a alid this is usual.iged Gond180°€S & giPé %he%bhﬂnéﬁ'rﬁé?fﬁfra’@ﬁé’ caterystQ mnutes.
1to 5 hours. The nolar ratio of or ganomagnesi um conpound

4| aryl oxyal uni ni umThenisa¢tlon DFPEIRIser tibee Féayents Kant be Jc@rihiedroue éitager abl y
4t from1:2 to 5:1. Exanples of solvents which may be used for this reaction

'} include: aliphatiin 8ysingterstepsor Jnctwoasteps)t imahibkxdeesohidprresot iond -

10 - octane; aromatic hydrocarbons, such as-benzene, tol uene and -
_ product is first reacted with the phenol and then the resulting

5 product is reacted with the aromatic carboxylate ester or in
which the solid reactioo product is first reacted wioh_the
aromatic carboxy1afe ester and then the resu}ting;prodoct is
reacted with the phenol. The times allowed for the reactions

" should be sufficient for fhé reactions to go to completfon;

10 generally at least 10 minutes, preferably from 30 minutes'to\_

B 2 hours. We prefer to employ from 10 to 200 mmoles, more preréa'
rably from 30 to 150 mmoles, of phenol and from 0.1 to 20 mooles, |
more preferably from 1 to 5 mmoles, ‘'of aromatic carboxylate
ester per 1 g of solid rcaction product (iii). The solvents

15 preférab]y used in this reaction include: aliphatlc hydrocarbons.
such as pentane, hexane, heptane and ‘octane; aromatic hydrocarbons,
.such as beozene, toluene and xylene; and alicyclic hydrocarbons,
such as cyclohexane and cyclopentane. 'Aftér.coMblétion of |
the reaction, the solid raaction'product:is preferably coiiected

20 - by filtration and may'then oe employed directly as the carrier
or may first be thoroughly washed with a purified-inért hydrocarbon
solvent and then used, either with or without subsequént drying.
The soiid'product thus obtained is an addition product of the
magnesiom cOmpound wdth_the phenol and the aromatfc-carboxylate

25  ester. We particularly prefer that the solid product should
show the stretch vibratioﬁ_ofdthé pheno]fc hydroxy group_at_

3200 - 3600 cn”} in its infrared absorption spectrum.




xyl ene; alicyclic hydrocarbons, such as cycl ohexane and cycl opentane; and

~ et.hers, which may be represented by the general fornula [err]-O[err] (in
which [err] and {err] are the sane or different and each 5 represents a -
hydrocarbon group having from1l to 20 car .atons or [err] and [err],
together with the oxygen atomto which tﬁggpare attached, forma ring).
Exanpl es of such -ethers include diethyl ether, dipropyl ether, diisopropyl
ether, dibutyl ether, di-sec- butyl ether, dipentyl ether, diisopentyl
etder, dihexyl ether, i € » cdd ' , nvl har
ani sol e, phenetol e, ne?ﬁy?%ﬁ%ﬂhee% 2? c‘?dgtarggﬁbﬁé'r gﬁﬁgnpggﬁgﬁe%eﬁm’
tetrahydrof uran. aAtstdmduR éﬁtﬁo@ﬁd hReAT 80VanABTEm Qompourd*is theR fsuppyrteqo Or
nore thereoof may be used. The solid reaction product is then separated .
fromthe 15  re3mt tikn carrdew prauded sydthe relet onaof icompondntst i) ,phenol (i) |
and the aromatic carboxylate ester (ii). 1In actual practice, the solid
product (iii) is(de)rand {iEdpaprefedatily by |theatnmerstovi method,hém whdchised as
such or after thorough washing with a purified inert hydrocarbon sol vent
-and may be u$ed wheltidanP@n and/arhuamadiumicompound sl cantacted wbth theduct

containing fromO0.01 : _ _
. carrier either as such or in an inert solvent. Suitable inert

solvents include: hydrocarbons, such as heptang, hexane, benzene and _
toluene; and hydrogenated hydrocarbons, such'aéfl;i: or:1,2- dichloro-
ethane, ch]brobenzene pr.gpdichIOrobenzene.. The temperéture
10 of this contact reacti§n is p;efe}ably in the range from aﬁbient
temperature to 150°C. After sufficient of the ;itani@m and/or -
vanadiu; coﬁbound has been supported, the resulting solid compo-
sition is separated, prgferablj-by_fi}traﬁion,;and_thgnrpreferéb1y
washed thoroughly with.a purified h}drocarbon diluent. The |
15 washed.prodhct may be used as such or it mai first be dried. .
It is desirable to adjusf the amount of tiqéﬁium‘and/or.vanadium

compound. supported in the soli&_comﬁosition, S0 that the content

of titanium and/or vanadium atoms in the conposition is from

0.01 to 30% by weight, more preferably from d.llto 10% by weight.
20 The resulting solid catalyst component has a favourable particle :

.size and a narrow particle size distributioh and exhibits superior

-----

3.. : system emplqyed in the polymerization_process'of the invention.

‘The organoaluminium compound used as component (b) of

25 the catalyst system is preferabiy a trialkylaluminium {such




to_2% by weight of alumniumis particularly preferred. The reaction of ‘t he
0l ANd reaction product (iiiy thus obtained wth the phenol (i) and the
tic carboxylate ester (ii) is preferably carried out in"a solvent,

referably at 25 a tenperature of fromJ[err] to [err], nore preferably
f -10C to +150C, to give the solid carrier for the catal yst. The
reaction of these three reagents can be carried out either in a single step
or in two steps, in which the solid reaction product- is first reacted wthgg
t he phenol and then the resulting 5 product is reacted with the aromatic
carboxyl ate ester or in which the solid reaction product is first reacted
with the aromati c carboxylate ester and then the resulting product is
reacted with the phenol. The times allowed for the reactions should be
sufficient. for the reactions to go to conpletion, 10 generally at |east
10 minutes, preferably from30 mnutes to 2 hours. W prefer to enpl oy
from1l0 to 200 mmol es, nore prefe- :




|.preferably from1 to 5 nmoles, of aromatic carboxylate ester per-1 g of -
isolid reaction product (iii). The solvents 15 preferably used in this

lliy eaction include: aliphatic hydr ocar bons= Iduch as pentane, hexane, heptane
lland octane; aromati c hydr.ocarbons, such as benzene, toluene and xyl ene; and
fal i cyclic hydrocarbons, such as cycl ohexane and cycl opentane. After .

ol ccted 20 b TTEEAY MR st PRRY IALAEIF By o 1Bk BT, o |
ol vent and thenobtrinexytalumteiimt, o tatkylal nhuBnifaife £yfhcas iz col Ta
f duct th bt g ' i ti ar.od f th | U d with
Phe phenol and_t REWARS kit imCeitgh) 3., HIPEMS o flmyilnfin TREBEEILTHBREVE "0, o o1
i hat th [id . S . ' s f..t h [ i

e <ol PG AT T 4 BB g BTl

i 5 aluminium dihalide (such as ethylaluminium dichloride, propyl-

~rably from30 to 150 mmol es, of phenol and fromO0.1 to 20 nmol es, nore (i?%

aluminium dichloride, butylaluminium dfchloride or hexylaluminium

dichloride), an alkylaluminium sesquihalide (such as ethyl-

‘aluminium sesquichloride, propylaluminium7sesquiéﬁToride,'butyly

aluminium sesquichloride or hexylaluminium sesquichloridéi_'

10 or an alkylaluminium alkoxide (such as dimethylaluminium methoxide,

diethylaluminium ethoxide, diethylaluminium butoxide or dibutyl~
aluminium-ethOxide). A single one of these organoaIumihium v

compounds or 2 mixture of two or more thereof may be used.

! _ | When polymerizing an a-olefin having 3 or more carbon ,

15 - atoms using the catalyst system of the present invention, it

is desirable to use an eﬂectron-dohating compound as a third

x? f__'ff? ?{¢. component ‘of the catalyst system, in order to improve the stereo-

regularity'of the resulting polymer. Example; of such electron-
i ' _' . donating compounds afe amines, amides; esters, ethers, ketones,
20 nitriles, phosphites, phosphineé and sulphides, as are well
| known in the art. Of theée, carboxylate esters, particularly."
'arométic carboxylate esters [such as those serving as Componeﬁt

(1) in the preparation of the solid reaction product] are

ﬁarticularly-preferred. The amount of'e1ectroh-donating compound




- 12 .- »To.,prepare the solid conposition of the present invention, a
~-titani um conpound and/or -a vanadi um conpound is then supported on the

carrier .produced by the reaction of conponents (1), (ii) and (iii),

preferably by the i mersion nmethod, in mh;f the titani um and/ or

vanadi um conpound i s contacted mnth the carrier either as such or in an

I nert solvent. Suitable inert solvents include: hydrocarbons, such as

hept ane, hexane benzene and tol uene; and hydrogenat ed hydrocarbohs, such

a1, 1- or c.%ﬁh frpﬁlﬁfé‘tta*& gefroﬁ\hbcﬁloéﬁrlz‘ﬁ\'d?e re?Erdﬂel’f@rl ) Pd?&‘”ze”e-

The terrperature IS contact reaction Is erab e range

from anbi ent terggred g hdd gé{.]mo] Al %?gmaﬁmﬁg%s&fm Bng%r#;?)am um and/ or

vanadlunlconpound has een su porte the“resu sition is
separated, preferably by filtration, and then preferably washed thoroughly
with a purified hydrocarbon diluent. The 15 washed product-'may be used as

such or it may first IERaflp)esdof ! dompOuritiss whidh nayrbeadomterﬁkéu ayotid of.

titani um and/ or vanadi um conpound supported in the solid cofposition, so
that  the cont entprotess fotntnenimouoionvmuddelrohoserahyheniwtprunoaturnadl S

from 5 . compounds having from 2 to 15 carbon atoms, for example ethylene,
propylene, butene-1, butadiene, 4-methy1pentene-1, hexene-l.
vinylcyclohexane, styrene and divinylbenzene. “The polymeri-
zation can be carried out bj tne known slurry.~gas phase or
| solvent methods, which ere commonly used. It is desirable
10 to employ a polymerizatfon'temperature of from énbient tempe-
rature to 200°C and a pressure from atmospheric pressure to
| aoout 100 atmospheres (about_101 bars), although the polymeri-
zation will proceed at higher-temperaturesrend pressures. -
) A molecular weight regulator,-for exampl e hydrooen;"can be
P l??ffdis a used. . The po]ymerization may be carried out elther continuously

or batchwise. R

4
-

| Where a solvent is used as the polymerization medium,
this is preferably an inert solvent, suchias: an aliphatic -
hydrocarbon, such as propane;ibutane, pentane, hexane;/heptane
or octane; an alicyclic hydrocarbon, such as. cyclohexane or
cycloheptane;'or\an aromatic hydrocarbon, such as benzene,
~ toluene or xy1ene; A single one of these solvents or a mixture

of two or more thereof may be used. It is also possible to

use a spent B-8 fraction as the polymerization medium.




0.01 to 30% by weight, nore preferably fromO0.1 to 10% by wei ght. 20 The,
resulting solid catal yst conponent has a favourable particle size and a .
row particle size distribution and exhibits superior catalytic

formance. This is conponent (a) of the catal yst system enpl oyed.in the
yneri zation process of the invention. The organoal um ni um conpound used
Zs conponent (b) of 25 +the catalyst systemis preferably a

trial kyl al um ni um (such [ ERR] -13- as triethylal um nium : T
tripropylalumni-um tributylalumniumor trihexylalumnnium, a - -
di al kyl al um ni um hal i de (such as di- ethylal um ni um chl ori de,

di propyl al um ni um chl ori de, dibutyl- alum nium chloride or dihexylal um nium
chl oride), an al kyl -




: * al um ni um di hal i de (such as ethyIaIuninlunidlchlorlde propyl -
%'Iunlnlunidlchlorlde butyl al um ni um di chl ori de or hexyl al um ni um .
dichloride), an al kyl al um ni um sesqui hal i de (such as ethyl - al uni ni um
iesqui chlori de, propylal um ni um sesqui chl.ogg de, butyl - al umi ni um
[sesqui chl ori de or hexyl-al um ni um sesqui chl oride) 10 - or an
ialkylalunlnlunialkoxide (such as di net hyl al um ni um et hoxi de,

thyl al um ni um et hoxi de, diethylal um ni um butoxide or dibutyl- alumnium
-!et oxide). A single orl'beoi‘nvemem bs gfureheé i1l DistPrat ug fg % 'xture of
g Wo or nore thergof nay be used. Wen pol ynerizing an [err I'e havi ng 3
dor nmore carbon 1 xamplesgt ons usi ng the catal yst systeniof the pr esent
jfinvention, it is desirable to use an el ectron-donati ng conpound as a thlrd
conponent of the catalyst system in order to inprove the stereo- '
sregularity of the resulting polynmer. Exanples of such el ectron- donating
icompounds are ani nes, anides, esters, etBWMBLE det ones, 20 nitriles,
iphosphi t es, phosphi nes and sul phides, as are well known in‘the art. O
it hese, carboxylate esters, particularly aromati'c carboxyl ate esters [such

‘las those servingg s €O en in the preparation of the SO|Id reaction
|product] are () eheds bF ma nesium compound )

]= 5 | Into a flask flushed with argon were placed 25. 8 g of
|

aluminium tri-o-cresoxide and 200 mﬂ of dibutyl ether. The

resulting solution was heated to 50°C and then there were
added dropwise, with stirring, 200 ml of a dibutyl ether solution
| containing 0.247 mole of butylmagneSium chloride, over a period
10 of 1 75 hours. After completion of the addition, the mixture
was reacted for a further 2 hours at’50°c.. The mixture was |
_' ~ then cooled to room temperature and filtered. through a glass
'-J;;filter. The white powder which collected on the filter was

washedltuice. each time with 200 mi of heptane, and then dried -

in vacuo, to give 28 2 gof a very flowable powder. The powder

contained 14 6%, 8. 3% and 0 2% by - weight of chlorine, magnesium.

and aluminium, respectively..__

(b}fﬁr_s.nthesis of solid.oatal st _com ohént:_

50 ml of a toluene solution containing 90 mmoles of

phenol and 6.3 mmoles of ethyl benzoate were added to 59 of




N cularly preferred. The anmount of el ectron-donating conpound - -'14 -
sedyis preferably fromO0.01 to 1 nole, nore preferably fromO0.1 to 0.6

gg €| per nol e of organoal um ni um conpound (b). Exanples of conpounds which
pe pol ynerized by the process of the invention include those” o
ethylenically unsaturated 5 conpounds having from2 to 15 carbon

atons, for exanple ethylene, propylene, butene-1, butadiene, _
4-met hyl pentene-1, hexene-1, vinylcyclohexane, styrene and divinyl benzene. {,
The polyneri- zation can be carried out by.the known slurry, gas phase or
sol vent nethods, which are commonly used. It is desirable 10 to

enpl oy a polynerization tenperature of from anbient tenpe- rature to [err]
and a pressure from at nospheric pressure to about 100 at nospheres (about

101 bars), although the polymneri- zation will proceed at higher

tenperatures and pressures. A nolecul ar weight regulator, for exanple
hydr ogen, can be _ :

k2




15 . »used. The polynerization nmay be carried out either continuously ozi}i

" - batchwi se. Where a solvent is used as the pol ynerization nedium this is -

preferably an inert solvent, such as: an aliphatic hydrocarbon, such as
propane, butane, pentane, hexane, heptane 20 ' or octane; an alicyclic
hydrocarbon, such as cycl ohexane or cycl 88eptane; or an aronmatic

hydr ocarbon, such as benzene, toluene or xylene. A single one of these
solvents or a mxture of two or nore thereof nmay be used. It is also

TR et on kB i BB B T b e ure (1
| was allowed to react at 60°C for 1 hour, aftef which the reaction
product was collected by filtration and dried in vacuo. A
pbrtion of the resu1tihg product was exam;ned.hy infraréﬁ absorption |
5 spectroscopy (using thoroughly dehydrated Nujol-trade mark-muil).
An absofption due'to.the phenolic hydroxy group was observed

1

at 3 400 cm™" and another absorption due to the carbonyl group

1 indiéating that

of ethyl benzoate was observed at 1 686-¢m'
the reactioh product was a magne;ium'compound to which pheﬁol

10 or o-cresol and ethyl benzoate had been chemically added.

To the resulting reaction product were added 25 hl of
titanium tetrachloride. Thé miktdre was allowed té.réact for -
Z.hourS'at 100°C, after which the reéctian'produc;-was tﬁokoughly-
washed with heptane unﬁil no more titanium ieﬁr?chiérfde'could ;
be detécted iﬁ the washings. The resulting'so1id'cata1yst '

'_ component was then dried. On analysis, its titanium cpntent\'

was found to be 3;6%'by weight. h - u./’

(¢)  Polymerization of propylene

7

. Into a 100 litre.§iaihless steél adibclave which had
been flushed with. propylene Qere charged 100 mmoles of triethyl-
aluminium, 100 mmoles of diethjlalhminium chloride, 50 mmoles
- "of ethyl p-anisate, 40 litres of hexane and 0.432 g of the
1solid cafa]yst combonent obtained in step (b) abqve. 27.5 Titres




“@ LE 1 (a) Synt hesi s of magnesi um conpound 5 Into,a kIl ask
idhed with argon were placed 25.8 g of alumniumtri-[err]- cresoxi de and -
g0 /m of dibutyl ether. The resulting solution was heated to [err], and

oh there were added dropwi se, with stirring, 200 m of a dibutyl ether

0l uti on containing 0.247 nol e of butyl magnesi um chl ori de, over a period 10
of 1.75 hours. After conpletion of the addition, the m xture was reacted
for a further 2 hours at [err]. The m xture was then cooled to room .
tenperature and filtered through a glass filter. The white powder which ™
collected on the filter was washed twi ce, each time with 200 ml of heptane,
and then dried in vacuo, to give 28.2 g of a very flowabl e powder. The
powder contained 14.6% 8.3% and 0.2% by wei ght of chlorine, magnesi um and
al um nium respectively. (b) Synthesis of solid catalyst. conponent 20

50 m of a toluene solution containing 90 mol es of phenol and 6.3 nmol es

of ethyl benzoate were added to 5 g of




m xture was allowed to react at [err] for 1 hour, after which the reaction
product was coll écted by filtration and dried in vacuo. A portion of the
resul ting product was exam ned by infrared gtsgrptlon 5 spectroscopy
(using thoroughly dehydrated Nujol-trade mark-mull). An absorption due to

t he phenolic hydroxy group was observed at 3 400 cm 1 and anot her
absorptlon due (s ddfakdr POAY) %6 OURy #fogbhYbePENZRALBeWREnEBSEhECduRbciave
688" cm i ndi cating. that the reaction product was a nmagnesi um conpound to
whi ch phenol 1Gand thed prepebone andls cfddl iheozoet snbagobenaribaioal us
~added. To the resulting reaction product were added 25 ml of titanium
tetrachl ori de. coltwimied ufer Washaht ovet Toomeachilet maintaining the

[ERR]: * -+16 - the nmagnesium conmpound obtained in step (a) above. The (:gé

gauge pressure at 8 kg/cm2 by replenishlng:the propylene.
5 At the end of the predetermined polymerization time,
polymerization was terminated by the addition of water
#; ﬁ and then the residual gas was purged. The polymer powder
.was separated from the hexane-soluble polymer. There were
obtained 10.25 g of a dry polymer powder hav1ng an intrinsic

[ 10 viscosity [q 1 of 1.75 dl/g, (measured 1n tetralln at

135° C), a boiling heptane-extract1on residue (II) of 97 7%

'and a bulk density of 0.42 g/ml. There were also obtalned
179 g of a sOlvent-soluble polymer.' The yield of polymer
‘powder (HIP) was 98.3%. The‘polymerlzat1on activities

15 per gram of solid eatalyst [R(Y)]“ahd~per gram of titanium

,[R(Ti)] were 24 100 g polypropylene pér gram catalyst

and 669 000 g polypropylene per gram txtanxum, respectlvely.'

~

_EXAMPLES 2 TO 12 AND .COMPARATIVE

EXAMPLES 1 TO 3

20 (a) "Preparation of solid catalyst componehr

A mixture of 5 g of the magnesxum compound prepared
as described in Example 1(a), a phenol and an aromatic

carboxylate ester, of the types-and the amounts shown in

Table 1, were allowed to-react in 50 ml of toluene at 100°C

25 for l'hour. At ;he end of this time, the reaction product

was then allowed




2 _hqurs at [err], after which the reaction product was thoroughly washed .
/1 t h\ hept ane unt|I no nore titaniumtetrachl oride could 15 be detected -
|Q§ﬂ e washings. The resulting solid catal yst conponent was then dried.

On ghalysis, its titaniumcontent was found to be 3.6% by weight.: (c)
otymer i zation of propylene into a 100 litre stainless steel autoclave
whi ch had 20 been flushed with propyl ene were charged 100 mmol es of
triethyl- alum nium 2100 nmol es of diethylal um niumchloride, 50 mmol es of.
ethyl [err]-anisate, 40 litres of hexane and 0.432 g of the solid catalyst -
conponent obtained in step (b) above. 27.5 litres . [ERR] - 17 -




[erf]y whilst maintaining the gauge pressure at 8 kg/[err] by replenishing

(standard, state) of hydrogen were charged into the autoclave and then
pr-opytreéne was fed into it -and polynerization was continued for 4 heurs at -

t he propylene. 5 ‘At the end of the preégtErnined pol ymeri zation ti ne,
polynerization was term nated by the addition of water and then the
resi dual gas was purged. The pol yner powder was separated fromthe

el bl B YRl TSRl A5 Gtk BaldFy P

a‘bulk densi ty gHeD: G) FedebiaR BBaef Sy Bler Brdiahti ssheqng " ™"
pol yror zat 1 on AU Y bevtal® Yod" g, 87 R, 08 e, & Hrpmpl B clfesistos
360 000 g pol yprght crrreheFt Geeraht SR P AE RGP EmdnhbR™> 10 12"

AND CCNPAEATIVEiEXﬁMﬁhF§.1 TO 3

Table 1
T D ' Phenol
. ;'_ _ Example No. ;_.} o | mmole
2 Phenol o | 90
3 LI 30
4 27Crede; | "
5 m-Cresol -
' 6. ‘o-Cresol ' oo
7 2,4-Dimethylphenol | 40
8 ~ 3,4-Dimethylphenol "
9 _ a-Naphthol - "
10 Phenol ] 30
1§ RURCH I . "
Comparative | - '
Example No. _ '
1l - . Co -
2 | Phenol 30
3 - . -

12



20 .(a) . Preparation of solid catal yst conponent A m xture of 5 g of
-{lkt he nagnesi um conpound prepared as described in Exanple 1(a), a phenol ang
‘M an aromatic carboxylate ester, of the types and the anmounts shown in Tabl &
§1, were allowed to react in 50 m of toleek@®-at [err] 25 for 1 hour. At
’the end of this time, the reaction product was then all owed [ ERR] to
freact with titaniumtetrachloride, as described in Exanple 1(b). The
‘}reactlon product was then thoroughly washed with purified heptane and dried

#iMvacuo, to give a titani umcontaining Fafliegl conmponent haV|ng t he
j}tltanlun1content shown 5 in Table 1
1 i :
f; Aromatic ester Ti wts
_ ) mmole
Ethyl benzoate 6.0 - 3.0
" 4.2 2.7
" . . .. 2 . 9
" o Ty
" . " . 2.5 -
" o 3.5 | 3.0
» ' - 3.1
* o . 3.3
Ethyl p-anisate | 4.2 | 3.5 |
Ethyl p-toluate " 3.3
Methyl p-toluate | " - 3.0
- 1T o 3.8
: : = . - . 5.0
; 'Ethyl benzoate 4.2 . 3.9

(b) | Pblymerigation-df propylene

Into a.2.0 litre stainless steel autoclave which had
been flushed with propylene were charged 4 mmo]es of triethyl-
'alum1n1um, 4 mmoles of diethylaIuminium chloride, 2 mmoles

S, of ethy) gfanisate and 600 m of thoroughly dehydrated and




Tabl e 1 Phenol Exanpl e No. mol e 2

PRenol 90 3 " . : 30 4 °
] - Cresol "5 [err]-Cresol "6
] - Cresol _ "7 : 2, 4- Di net hyl phenol * 40
3, 4- Di et hyl phenol "9 [ err]-Napht hol
" 10 Phenol 30 11 Conparative Exanple No. 1

- -2 N Phenol o 30 3 -




-19- Table 1 (Contd.) Aromatic ester Ti wt % mol e, Et hyl benzoat

6.0 . 3.04.2 27" 2.9 " - 3.2" 2.5 3.5 3.0 " -
31" 3.3 Ethyl [err]-anisate 4.2 3.5 Ethyl [err]-toluate
"1. 3.3 Methyl [err]-toluate "e2030 - ©o-

3.48. - - 5.0

- 1;% . puhified heptane, after which 35 - 40 mg of the solid catalyst

component prepared as described above in steb (a) wefe added.
148 ml (standard state) of hydrogen were charged into the auto- .
clave and then the internal temperature of the autoElave was

5  raised to 60°C and propyTehe.was fed into it. Polyﬁerizatioq
was_coﬁtinued at 70°C for 1 hour, whilst maintaining the internal
‘'gauge hressure of the autoelave at 6 kglcm? by feeding'in further

propyl ene. Aftef 1 hour of polymerization, theepei&ﬁefization

was terminated by adding 3 ml of ethanol, and unreacted propylene.'
10 was purged. The polymer slurry was diluted with 600 m] of

heptane heated at 60°C. The polymer powder was then separated

by centrifugation and dried in vacuo at 50°C. The solution

separated by centrifugation was,concehtrated ;b recover a

solvent-soluble polymer; The results ebta{eed afe shdwn in




thyl'benzoate 4.2 3.9 (b) Pol yneri zation of propyl ene

nto a 2.0 litre stainless steel autoclave which had been flushed with-

pr opyl ene were charged 4 noles of triethyl- alum nium 4 noles of HE
Hi et hyl al uni nium chloride, 2 moles 5 - & -ethyl [err]-anisate and 600

Pf thoroughly dehydrated and [ ERR] - 20- purified heptane, after

fvhich 35 - 40 ng of the solid catal yst conponent prepared as described

f:bgye in step (a) were added. 148 m (standard state) of hydrogen were:
Eharged into the auto- clave and then thEllet@rnal tenperature of the
Jut ocl ave was 5 ~ raised to [err] and propylene was fed into it.

Jol yneri zation ' - : _ - —

-

R(Y) g/g | R(Ti) g/g | HIP % II% Bulk density,
_ = g/ml
8750 292000 98,7 97.0 0.40
6610 | 245000 98.2 | 96.1 | = 0.36
7050 243000 98.5 | 96.5 | -- 0.39
6800 213000 | 98.0 | 96.7 |  0.38
4620 | 185000 97.2" | 96.0 - 0.41
4590 153000 97.6 | 96.2 0.38
6750 218000 | 97.9 | 96.7 0.39
6530 | - 198000 | 98.0 9.5 |  0.43
6910 197000 [ 97.5 | 96.0 0.37
6500 197000 | '98.5 |.97.0 - |. Q.39
6450 215000 98.2 | .97.1 0.40
3380 ~ 88900. | 95.0 | 94.00 | . 0.34
4700 94000 95.3 | 94.5- 0.33
3520 90300 97.4 | 95.6 | - o0.35

 EXAMPLE 13

(a) - Synthesis of magnesium compound

A magnesium éanpohnd, in the form of a white powder,




was contjinued at [err] for 1 hour, whilst maintaining the internal gauge .
pres of the autoclave at 6 kg/[err] by feeding in further propyl ene. .
Afte our of polynerization, the polynerization was term nated by addi ng

3 nm et hanol , and unreacted propyl ene 10 was purged. The-=pol yner
slurry~as diluted with 600 m of heptane heated at 60C. The pol yner

powder was then separated by centrifugation and dried in vacuo at [err].

~The solution separated by centrifugation was concentrated to recover a Coe
sol vent - sol ubl e polymer. The results obtained are shown :in 15 Table
2. -21- Table 2 R (Y) d/g R(Ti) d/g HP %I11% Bul k density,

g/m 8750 292000 98.7 = 97.0 ©0.40 6610 245000
98.2  96.1 ~0.36 |




OO~ ON.

50 - . 243000 98.5  96.5 0.39 6800 213000

0 96.7 . 0.38 4620 185000 97.2  96.0 0.4

g0 153000 97.6  96.2 . .0.38 6750 218000

9 96.7: ~0.39 6530 19880Q © .~ 98.0  96.5 . 0. 43

0 197000 97.5  96.0 0.37 6500 197000

3B 97.0 0 .39 6450 215000 98.2  97.1 |
0)40 3380 88900 .95.0  94.0 - 0.34 4700 © 94000

E
th

9%=:3 94.5 was prep@réibySPdaction of B@3AMagnesivficMoriddand aluminium O. 35

KAMPLE 13 (a) Synt hesi s of magnesi um conpound A nagnesi um conpound, in
§ formof a thite-cpesekide, as dEs¥Aibed in Example 1(a), except that

diethyl ether was used as solvent in place of the dibutyl ether
and that the reaction temperature was the boiling point of

5 the dié;hyl ether. The resu1t1n§ powder was found to contain |
15.3%, 7.2% and 0.4% by weight of chlorine, magnesium and aIQminium,_

respectively.

(b)  Synthesis of solid catalyst component

"”l‘m*k;‘?‘ ER ,, R ._5'_' . o

A mixture of 5 g of the magnesium compound prepared
10 as_descfibed iﬁ.step (a):above, 30 mmoleé of phenol and 4.2 mmoles.
| ‘of ethyl benzoate was_a]lowéd to rgﬁcf‘in 50 m1 of .toluene
at 100°C for 1 hour. The reaction.product-wag then allowed
to react with titanium tetrg;h]bride, as.described in'ExampIe '
1(b), after which the reaction product was waéh;d and dried, |
15 to give a solid’catély;t component'cbntaihfﬁg 3.0% pf-weight

L

of titanium. _fﬁ- T i d

-~

(c) Polyﬁerization of propylene
P 7
Propylene was polymerized under thé‘samé conditfons
" as described in E;amp]es 2 to 12, but.using the solid catalyst
205_'combonent prepared'as described in step (b) above. The catalytic
| activity R(Y) was 6 990-g_polypropylene per gram catélyét”ahd




. -22- mas prepared by reaction of butyl magnesi um chl oride and al uni ni um
‘tri-[err]-cresoxide, as described in Exanple 1(a), except that diethyl

]
{
|
|
§
5
§

et her was used a$ solvent in place of thﬁpoibutyl et her and that the
reaction tenperature was the boiling poT of 5 the diethyl ether. The.
resul ting powder was found to contain 15.3% 7.2% and 0. 4% by wei ght of

chl ori ne, magnesi um and al um ni um respectively (b) Synthesis of solid

aedevar ES??EEQQ‘\WE%@;%@@ rdn s Ly O Bk PR 01 BT ety
benzoate was al °?ﬂ%ﬂ9§§l0&°“%§'oé gg‘tatsoééjhge at [err] for 1 hour. The

reaction produc fitaniumtetrachl oride, as
described in Exanple 1(b), after mhlch t he reaction product was washed and
dried, 15 to give a solid catal yst conmponent containing 3.0% by wei ght

COMPARATIVE EXAMPLE 4

A solid catalyst component containing 3.1% by weight t
5 of titanium was prepared as described in Example 13(b), eicept
- that the ethyl benzoate was omitted. Polymerizatlon of propylene
was then carried out. under the conditions descoibed in E;amples
2 to 12. The catalytic activity R(Y) was found to be 2 600 g
polypropylene per gram catalyst and R(Ti) was 83 900 g poly-
10 propylene-oef gram titanium. The yield of'polymer powder (HIP)
was 95.0%. o |

CEXAWPLE 18 - g S

f: Into a 2.0 litre stainless steel autoclave which had

' :been flushed with ethylene were charged 4 mmoles of triethylh

. aluminium, 32.0 mg of a solid catalyst component prepared as
described in Example 3 and_GOO m} of heptane. -Hydrogen was
charged into the autoclave to a partial pressure of 3.0 kg/cm2
at 70°C, and then ethylene was polymerized at 70°C for 1 hour,
‘whilst maintaining the total.pressure.at.S k_g/cm2 gauge by .

20 the addition of further'ethylene._ At the.end of the predetermined

| oolymerization,time, polymerization_was terminated by adding

i et pesm i SLTVRORA




of A™N\ani um (c¢) Pol yneri zati on of propyl ene Propyl ene was pol yneri zed
umd he same conditions as described in Exanples 2 to 12, but using the -
sol catal yst 20 conponent prepared as described in step (b) above. The
catalftic activity R(Y) was 6 990 g pol ypropyl ene per gram catal yst and
R(Ti) was 233 000 grans pol ypropyl ene per gramtitanium The yield
of pol ymer powder (H P) was 98. 1% COWPARATI VE EXAMPLE 4 A solid catal yst
conmponent containing 3.1% by weight 5 of titaniumwas prepared as
described in Exanple 13(b), except that the ethyl benzoate was omtted. v
Pol yrmeri zation of propylene was then carried out.under the conditions
described in Exanples 2 to 12. The catalytic activity R(Y) was found to be
2 600 g pol ypropyl ene per gramcatal yst and R(Ti) was 83 900 g pol y-




10 propylene per gramtitanium The yield of polyner powder (H P) was
95 0% - EXAMPLE 14 Into a 2.0 litre stainless steel autoclave which had begn

thed with ethyl ene were charged 4 nmol.es gf triethyl- 15. alum nium '
321D ng of arsolid catal yst conponent prepar as described in Exanple 3
*.600 m of ‘heptane. Hydrogen was charged into the autoclave to a
tlal pressure of 3.0 kg/[err] at [err], and then ethyl ene was

potynerized at. e{.gl 0%k rhalifel. afdl ik WRALAUNAMIA Y Aad eﬁﬁﬁ# at 6

k@g%err] .gauge the addi'tion of further ylene ot the

[E?R]et erm ned p@hxn‘ﬁsuath%ehhnsowaek»V%rsl £3119R RS btyercrami%g&wadl ng

and dried_to give 346.12 g of a powder having the
following_properties: [Q'] = 2,17 dl/g;.bnlk density ;
5' .0‘34 g/ml; a ratio of weight average molecular weight
to number average molecular weight (Mw/Mn) = 10.7., The
‘catalytic activity R(Y) was 10 800 g polyethylene per
~gram catalyst and R(Ti) was 4Q0.000 g polyethylene per
gram titanium. - o

S

10 | COMPARATIVE EXAMPLE 5

A titanium-containing solid catalyet component was

synthesized as déscribed in Enanple-3, ekcept'that the

magnesium compound was.replaced by o:tresoxymagnesium
chloride (synthesized from-butylmagneaiqm cnloride.and
o-Creeol inldibutjl ether). The tesultinglcatalyst
component contained 3,02 by weight of titanium. Using

this solid catalyst component, ethylene was then polymerized
under the conditions described in Example 14 to give a
polyethylene having the following properties: /[;?] = 2,40 dl/g;
bulk density = 0,32 g/ml. The-catalytn:acti?ity R(Y) was
4 600 g polyethylene"aer gram'catalgat and R(Ti)'was

- 153.000 g polyethylene per gram titanium.

EXAMPLE 15

(a) Synthesis of magnesium compound

Into a flaek flushed with argon were charged 13.9 g




-24- 3 .of ethanol, and the unreacted ethyl ene was purged. The
potyet hyl ene powder was coll ected by centrifugation and.-dried to give ; 5\(/
346.12 g of a povvder having the followi ng properties: J[err] = 2.17 dl/g
bul k density '= 0.34 g/m; aratio offgelght aver age nol ecul ar wei ght

t o nunber average nmol ecul ar melght (Mw/ Vh

10.7. The catalytic activity

R(Y) was 10 800 g pol yethyl ene per gram catalyst and R(Ti) was 400 000 g

p%m;\//gt hyl ene per gramtitanium 10
LE 5 A titagy 41 ‘i.aﬁ' ﬂH”S_t ﬁr‘ﬂtso?ﬁ@ta%yéd m?oﬁlp%?ﬁ‘en

- COMPARATI VE

o P PRed’ 0"

‘descrlbed I n Exanpl exce t he magnesi um comnpound
gO- Cr esoxymagnesi ﬁ*ﬂ id¥e r|de and
, 15 [err]-creso t‘)'lgtge?é et %ibéﬁea?gﬁ%%y@g?ﬁﬁfgg coma)onent

i

contai ned 3. 0% bardﬁﬁ*.g@t w‘?f:htdtti?f‘idgm 58 | B 4 Wibuey)| echdrasaiuttbpcomponent

et hyl ene was then pol yreri zed under the conditions “descri

bed in Exanple 14

to give a containing 0.13 mole of buty]magnes1um chloride, over a period

5 ~of 30. m1nutes. When the addition was complete, the mixture ]

was allowed to react at 100°C for a further 2 hodrs. The reaction

mixture'was then cooled to room temperature and fi]tered through

a glass filter. The white powder which was collected Qag then

10 (b) Synthesis of solid'éatalxst comgonentd

washed three times, each time with 100 mi of hexane.

" To the whole. of the magnes {um compound obtained as described

in step (a) above were added 60 ml of a toluene solution containing

264 mmoles of phenol and 18.5 mmoles of ethyl benzoate. The

mixture'was allowed to react at 100°C for 1 ho&r.n

At the end '

. EIJ;"_of th1s time, the solid product was collected by filtration.
“"[': To the solid product were added successively 150 ml of chIoro—

benzene and 70 ml of titanium tetrachloride.  The mixture was

then allowed to react at.100°c for 2 hours. At the end of

this time, the solid product was washed repeatedly at 60 - 70°C

20 with heptane until titariium tetrachloride could no longer be

detected in the'washings. The'resulting solid catalyst component

was dr1ed and was found, on analysis to contain 3. 8% by weight

of titanium.



having the follow ng properties: [err] = 2.40 dl/g; 20 " Bulk
dens 132 g/m. The catalytic activity R(Y) was 4 600 g pol yet hyl ene’
per talyst and R(Ti) was 153 000 g pol yethyl ene per gramtitanium
EXAVPLE\ 15 fa) Synt hesi s of magnesi um conpound Into a flask .flushed

wi th argomwere charged 13.9 ¢ - 25 - of alum niumtri-o-cresoxide and
60 m of toluene. The resulting solution was heated to [err], after which _
there were added dropwise, with stirring, 58 m of a dibutyl ether soluti
cont-aining 0.13 nole of butyl magnesi um chl ori de, over a period 5 of 30
m nutes. \When the addition was conplete, the mxture was all owed to react
at [err] for a further 2 hours. The reaction m xture was then cooled to
roomtenperature and filtered through a glass filter. The white powder

whi ch was col |l ected was then




. At ]ihe end of t |s t i TTE

washed three tinmes, each time wwth 100 ml of hexane. 10 (b) Synt hesi -
iel|d cat al yst conponent To the whole of the nagne5|un1conpound obtain dS
described in step (a) above were added 60 M of a tol uene solutlon
gai ning 264 mol es of phenol and 18.5 | es of ethyl benzoate. - The
om @ure was allowed to react at [err] fol "1 hour. At the end 15 of this
iq&, the solid product was collected by filtration. To the solid product
werg added successively 150 nl. of chloro- benzene and 70 ml ‘of titanium
t e¥kachl oride. (dhe niopolymertast{dif s Propyrs etﬁné Qifj1dHe [err] for 2 hours.
T LNe. < T proa Wo ed-Tepeat edly at .60 -
[e ?] 20 wi-t h heptane until tltanlun1tetrachlor|de could no-longer be
def€cted in the washings. The resulting solid catal yst conponent was dried
ani was found, on analntei 8,10001 txret ataind eSsosteelvedugbtlavie whichnhadn [ ERR]

been flushed with propylene were charged 100 mmoles of tri-

ethylaluminium, 100 mmoles of diethylaluminium chloride, 50 mmnles
%: : 5 of.ethyl p-anisate, 40 litres of hexane and 0.512 g of the
solid catalyst component prepared as described in step (b)

above. 16.1 litres (standard state) of hydrogen were eharged

o ST N R AT o [

into the autoclave, after which propylene was polymerized'fqrf

4 hours at 70°C under a'totel n;esSUre of 8 kg/cmz gauge, whlch
10 was maintained by replenishing the propylene; The temperature l\

was kept at 70°C, whilst the unreected propylene was purged 3

to a pressure of 0.1_kg/cm2 gauge and hydrogen was charged

to a pressure of 2 kg/cm2 gauge, followed by ethylene to a

s AR A i L

pressure of 4 kg/cmz gauge. The ethylene was then'pblymerized‘
15 for 1 hour and 40 minutes, whilst maintalning a total pressure'
~ of 4 kg/cm gauge by replenishing the ethylene. The polymerization

was then tenn1nated by adding water and the resxdual gas was

'purged. The polymer powder was separated-from the solvent-soluble

polymer to give 11.51 kg of a polymer powder having the following
20 properties: [n] = 1.98 di/g; ethylene unit content = 36.5%

by weight, bulk density = 0.42 g/ml. There were alsq obtained

226'9 of a solvent-soluble powder. The yield of polymer powder

_(HIP) was 98.1%. The catalytic activity R(V) was 22 900 g

polymer per gram catalyst and R(Ti) was 603 000 g9 polymer per

25 gram titanium. As can be seen from Table 3, the particle size




-26- (c) . Copolynerization of propylene and ethylene Into a 100 litre
stai nl ess steel autoclave which had been flushed with propyl ene were

" charged 100 mmol eés of tri- ethylaluniniug% 100 mmol es of di et hyl al um ni
chloride, 50 nmmoles 5 of ethyl J[errJ-@hisate, 40 litres of hexane andf1,
0.512 g of the solid-catal yst conponent prepared as described in step (&
above. -16.1 litres (standard state) of hydrogen were charged into the

el ave, a1t g OB SO B PR EBSR Fhy b b 0T

repl eni shing t pL lene. .. The tenmperat ure was kept. at [err], whilst the
unr.eact ed prop?lﬁgnéor%gae%}%ﬁoc%"aeﬁ%éggm’é"of 0.1 Kg/[err] gauge and
hydrogen was charged to a pressure of 2 kg/[err] gauge, followed by

. ethylene to a pressure of 4 kg/[err] gauge. The ethylene was then
polymerized 15 for 1 hour and 40 ninu&gg,egpilst:naintaining a total
pressure : —_— : '

<« M.

Mesh of sieve 3251200 | 150}100f42 | 28 | 16 | 10

Cumulative % by ' ' : )

weight of material 0 |0.18]0.61|1.5]8.2(22.5({80.1{99.5
passed through each _ . B S U

sieve

A

The physical propérties of the copolymer obtained wefé .

‘found to be as follows: Vicat softening point, 88°C; modulus .

;
i
;
{

5 of elas;iéity.in flexure, 10 300 kg/cmz;_g]oss, 92%; héze. |

67%; impatt clouding, good.” The tests were performed on.a '

pressed-sheet of 1 mm in thickness for Vicat softening point
and modulus of elasticity and on an injectioq:moulded sheet

of 1.2 mm in thickness for'g1osS-and_haze.




[[err] gauge by replenishing the ethylene. The polynerization was _
eA/i-qr m nat ed by addi ng water and the residual gas was purged. The :
pdl $nkrl powder was separated fromthe sol vent-sol ubl e pol ymer ‘to give 11.51
pol ynmer powder having the followng 20 properties: [err]” = 1.98

_ ethyl ene unit content = 36.5% by wei ght; bulk density = 0.42 g/mn .
There were al so obtai ned 226 g of a sol vent-sol uble powler. The yield of

pol yner powder (HI P) was 98.1% The catalytic activity R(Y) was 22 900 g ;2.
pol ymer per gram catalyst and R(Ti) was 603 000 9 polynmer per 25 gram

titanium As can be seen from Table 3, the particle size - 27 -
distribution, as determned by vibrating sieves, was narrow, the fine

particle content being low Table 3 Mesh of sieve 325 200 150 100
42 28 16 10 Cumul ative % by S -




wei ghts of nateri al 0O 0.18 0.61 1.5 8.2 22.5 80.1 99.5 passed through ﬁ
eachfgeve The physical properties of the copol ynmer re.found tol 4 _

be aggrol | ows: Vicat softening point, 88C, nodul us f elasticity in _
fl expge, 10 300 kg/[err]; gl oss, 92% haze, 67% Im’ﬂl m ood.
The "sts were performed on a pressed sheeg8 1 mmi ”’ﬂr Vi ca
sof t ghi ng poi nt and nodul us of elasticity and on an inj ection frout ded shee
of - nmin thi ckness for gloss and haze. - [ERR - 28 - Cains

‘ €laimg

1. - A solid composition comprising a titanium compound and/or

a vanadium compound supported on a solid product formed from

the reaction of (i) a phenol, (ii) an aromatic carboxylate |

5 ester and (ii1) a solid reaction product of an organana_gne51um'
compound and an aryloxyaluminium compound of g'enera] formula'
A'I(ORI)3 (in which R]' represents an aryl group having from

6 to 20 carbon atons)

2. A_composition 'according to Claim 1, in which said solid
10 reaction product (ifi) contains from 0.01 to 2% by weight of i

aluminium.

3. A composition according to Claim 1 or.Claim 2, in which
said solid product formed bj reacting '('i) (i1) and (i'ii) shows
: _the stretch vibration of the phenolic hydroxy group at 3 200

" 15. to 3 600 cm'1 in its infrared absorption spect,rmn. |

4. A composition according to any one of the precedmg

-claims, in which said organomagneswm compound is a Grignard
compound of formula RZMgtl i n which Rz represents a hydrocarbon

‘group having from 1 to 20 carbon atoms.




1. . ‘A sol I d conposi t I on conprising a titani um conpound and/or 3 ad| u
conpound supporte uct fornmed from-the reaction of
phenol, (ii) ana"mmmm mwmteS ester and (iii) a solid tlon
pr oduct of an or ganorragnleswmscowpound an@9 an aryl oxyal um ni um corrpound of
general formula [err] (in which represents an aryl group having fromb6
to 20 carbon atons). 2. . A conposition according to aim1, in which

igd solid 10 reaction product (iii) contains fromO0.01 to 2% by wei ght of
aI mnium 3. 5, A cAnpompdsishomacoording te CTaim #,1inrwhdchisaid, Grignahd ch
said solid product formed by reacting (i), (ii) and (iii) shows the stretch
vibration of theompeurnd iis butyl agnesiouhdorBlezoethydmagnes3usahipeidd, in
its infrared absorption spectrum 4. A conposition according to any one
of the precedi npeptylmagnes umchtoridai or octyimagagsisai ahlarddgpound is a
Gignard conpound of formula [err], in which [err] represents a hydrocarbon
group having from1l to 20 carbon atons.

6. A composition according to any one of the precedmg
5 c'la1ms, in which said aryl oxyal uminium compound is tricresoxy-

aluminiun, triphenoxya]uniniun or a mixture there_of.

7. A composition accordin§ to any one of the preceding-.._

claims, in which said phenol (i\) is pnenol, m-cresol, B.cres-o'l,

3,4-dimethy_1_ phenbl, 3,5-d1‘methy1 phenol, m-ethylphenol, p-ethyl-
10 phenof}éprobﬂ phenol or-p-butyl phenq]. | '

8. - A_compo_sition éccording to any one. of the precédfng’
ciaims, in whicli said aromafic carboxylate esfer (i) iS me‘t'hyl '
benzoate, ethyl benzoate, propyl benzoate, butyl benzoate,
pheny] benzoate, methyl g-methbeenzoate, butyl g-methylbenzoate,
15 cyclohexyl g-methyl benzoate, ethyl g-methylbenzoate or pheny]
o p-butylbenzoate.

9. A comp051t1on according to any one of the preceding
_ claims, in wh'ich said titanium compound is a tetravalent titanium

compound.

20 10. A cqmposi_tion according to Cl aim 9, in which said titanium

compound is titanium tetrachloride.



5. A conposition according to Caim4, in which said Gignard conpot#ind_
I s- butyl magnesi um chl ori de, ethyl magnesi um chl ori de, pentyl magnesi um

.clil ori de or octyl magnesi um chl ori de. 6. A conposition according to any
ne of the preceding 5 ~clainms, in which said ar yl oxyal uni ni um conpound
G} tricresoxy- alum nium triphenoxyal um niumor a mxture thereof. 7.
conposi tion according to any one of the preceding clainms, in which said _
phenol (i) is phenol, [err]-cresol, [err]-cresol, 3,4- dlnethylphenol ﬁé*
3, 5-di net hyl phenol, [err]-ethyl phenol, [err]- ethyl - 10 phenol , '
[err]-propyl phenol or [err]-butylphenol 8. A conposition according to

any one of the preceding clains, i.n which said aromatic carboxyl ate ester
(ii) is methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate,
phenyl benzoate, nethyl [err]-nmethyl benzoate;, butyl [err]-nethyl benzoate,
15 cycl ohexyl [err]-nethyl benzoate, ethyl [err]-nethyl benzoate or phenyl
[err]-butyl benzoate. 9. A conposition according to any one of the

- preceding = -




igrs5 i nwhich said titanium corrpound is a tetraval ent titani um corrpound ﬂ
&10. A -conposition-according to Caim.9, in which sard—tani um

co hKUnd Is titaniumtetrachloride. [ ERR] ﬂ' osition Ee:
accfding to any one of Claims 1 to 8, i=130hs ch S m Hm’J ound is @

van "t? um tetrachl oride or vanadi um oxytrichloride.*12 I tion
accidl ng to Caim1, substantially as 5 her ei nbefore described wth
ref &F ence to any one of the foregoing Exanples. 13. A process for

pré r. ng a pol yher byA somposdition ragcgndmg to any orie 6f Claims 1 to 8,
3 in which said vanadium compound is vanadium tetrachl oride or

vanadium oxytrichl ofide.

12. A composition according to Claim 1, substantially as
5 hereinbefore described with reference to any one of the foregomg
Examples.
13. A process for -_prepariné a polymer by'pol,'vmerizin;\an
ethylenecally 'unsatur_ate'd oanpoﬁnd in the presence of o caté'lyst
system comprismg. | | " .
al'l (a) a solid composition accordmg to any one of the preced(ng .

claims; and

(b) an organoaluminium compound'.
18. A process according to Claim 13, in which said organo-
aluminium compound is triethyl aluminium, dlethylalumzmun cmonde,
15 trlmethyl aluminium, tributyl alumin'ium, d1buty’l alummiun chlorlde

or a mixture of any two or more thereof.

15. A process according to Claim 13. or.Claim 14, in which
. said ethylenically unsaturated compound is ethylene, propylene,

20 butene-1, 4—meth:yl pentene-l, hexene-1 or vinyl cyclohexane.

16. A process' according to any one of Claims 13 to 15,_' in

which the polymerization is carried out at a temperature of .




_conprising: 10 (a) a solid conposition according to any one of t he
precedi ng cl ai ns; and (b) an organoal unm ni um WMNWU“IA process \
according to Cialm13 i n which said orga al u S :
triethylal uninium diethylal umi ni um chl orlge trifrethyl'al dmi i um _
tributylalum nium dibutylalumniumchloride or a mxture of any two or

re thereof. 15. A process according to Claim13 or Caim 14, in which

sard et hyl eni calimumeutaﬁaﬂeﬁﬂmw 200°C 2nd! #0Q, pPés%IQYleEfr&P
but ene-1, 4-nethyl pentene-1 exene-1 or vinyl cycl ohexane. : A process

according to anyatmospitdric! pressuid tiool 0P athospheres (1002 ms)ﬂfe“ zation is
carried out at a tenperature of -31- from ambi ent terrperature to [err]
and at a pressure of from o

thyI enecal |y unsaturated conpound in the presence of a catalyst system

17. A process according to any one of Cl aims 13 to 16, in
which the polymerization is canried out in the additional bnesence

5 - of an electron-donating _comp_ound'. - ' '

18. A process according to Claim 17, _in which said electron-

~

donating compound is an aromatic carboxylate ester.

19. A process according- to Claim 13, substantially as herein-

before described with reference to any one of the foregm ng '

10 | Examples.

20. A poiymer when produced by a process-acco'rding to any

one of Claims 13 to 19.




00 at nospheres (101 bars). 17. A process

at nospheric pressure
according to ne of Clains 13 to 16, in which the polynerization is
carri in the additional presence 5 - of an el ectron-donating
onpound. 18. @ A process according to Caim 17, in which said?e}ectron-
donating conmpound is an aromatic carboxyl ate. ester. 19. A prdcess
according to Claim 13, substantially as herein-. before described wth
reference to any one of the foregoing 10 Exanples. 20. - A polynmer
when produced by a process according to any one of Clainms 13 to 19. '
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